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Abstract

Research on the analysis of time-series data has shown that

decisions reached through visual analysis of the data may be

influenced by the statistical parameters of those data. The current

study investigated the statistical properties of curriculum-based time

series data for 68 resource, room students in four Minnesota school

districts. Data for slope, standard error of estimate, mean level of

performance, and number of data points are presented. Implications

for both time-series and conventional pre-post designs are discussed.



Characteristics of the Time-Series Data Collected

Through Curriculum-Based Reading Measurement

In their recent volume on single subject research design,

Johnston and Pennypacker (1980) pointed out that, in contrast to

measurement in the natural sciences, which relies on absolute units of

measurement, most research in the social sciences relies on relative

units of measurement. As a branch of such research, traditional

intelligence and achievement testing is based, not on standard units

(i.e., number or duration), but on the relative standing of an

individual compared to his/her peers. While such information may be

useful for classification and placement decisions (Salvia ,& Ysseldyke,

1981), it says little about what a student can do on a functionally

important task and tends to be relatively insensitive to performance

over time (Brown, 1976). Thus, data obtained from traditional

assessment provide little or no information regarding individual rates

of skill acquisition and are of little assistance in developing or

monitoring individual educational programs.

In contrast, the comparatively recent technology of direct and

frequent measurement, as exemplified by curriculum-based assessment

(Deno & Mirkin, 1977) or precision teaching (White & Haring, 1980),

offers a relatively standard unit of measurement, such as words read

per minute, for monitoring student progress. Based on single subject'

research methodology (Sidman, 1960), such systems approach the

Johnston and Pen6ypacker ideal of absolute unit measurement, and

provide the teacher with a, sensitive recording, over time, of the

changes in a child's academic skills. For the researcher, direct and
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frequent measurement offers a constant unit, expressed as a rate, that

can be used for both between and within subject comparisons. For the

teacher, continuous monitoring of skill acquisition allows direct

assessment of the impact of various classroom interventions, much as a

researcher would test a hypothesis (Deno & Mirkin, 1977).

Kratochwill, Brody, and Piersel (1979) identify a number of

advantages that single subject or time-series designs offer for

research in the area of learning disabilities. Some time series (such

as the ABAB design) allow the researcher to better establish the

relationship between the dependent and independent variables. The

emphasis on frequent measurement may represent an advantage for both

researchers and teachers.

Learning problems represent a process, dynamic over time,

and a research strategy that allows monitoring of these
problems, and their relation to an intervention reflects the

reality of the practitioner's concern. (Kratochwill et al.,

1979, p. 259)

Time-series research designs may offer an alternative strategy in

situations where it may not be possible to meet the statistical

assumptions necessary to employ conventional pre-post designs.

Finally, by focusing on the individual, time-series research designs

allow both the researcher and teacher to more clearly specify

treatment variables and their relation to subject characteristics,

"which leads to refined diagnosis and specific treatment prescription

for exceptional children" (Kratochwill et a)., 1979, p. 261).

Among those using time-series designs, there has been a tendency

to rely on visual analysis of the graphed data. A number of authors

point out that such analysis is limited by the technical



3

characteristics of the data (Jones, Vaught, & Weinrott, 1977; Kazdin,

1976; Parsonson & Baer, 1978). Before an accurate evaluation can be

made of the efficacy of intervention, the data must show evidence of

stability in the baseline phase. In addition, the variability

exhibited in the data will have an ,influence on conclusions drawn from

the data, as will trends exhibited by the data, both before and after

interventions. Finally, the number of data points may also determine

the nature of conclusions drawn.

The accuracy of judgments made on the basis of visual analysis

also may be threatened by serial dependency. Serial dependency refers

to the fact that, given repeated measures on the same subject,

successive scores are not likely to be independent of one another.

The statistical property of serial dependency may have considerable

effects on the pattern of data observed (Hartmann, Gottman, Jones,

Gardner, Kazdin, & Vaught, 1980). Serial dependency and other

statistical properties also may reduce the reliability of visual

analysis. Jones, Weinrott, and Vaught (1978) demonstrated that

agreement between visual and statistical analyses decreases as serial

dependency increases.

Given these difficulties, a number of authors (Gottman & Glass,

1978; Hartmann et al., 1980) have recommended supplementing visual

analysis of time-series data with some form of statistical analysis.

Procedures have been developed using ANOVA (Gentile, Roden,A, Klein,,

1972), interrupted time series analysis (Gottman & Glass, 19781, and

the c-statistic (Tryon, 1982). In addition, Shine (1975) has proposed

a five-step model for integrating single subject and conventional

between groups designs.
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During the past five years, investigations at the University of

Minnesota have established, to a considerable extent, the technical

adequacy of using a curriculum-based measurement system based on time

series data in the classroom. A series of validity studies (Deno,

Mirkin, & Chiang, 1982) showed that reading aloud from a basal reader,

reading aloud from lists of isolated words, and guessing the words

deleted from a reading passage (i.e., cloze comprehension) all related

closely to performance on standardized tests and discriminated between

program and grade placement. These formative measures of reading also

have shown high test-retest (r = .90) and alternate-forms (rs = .89

-.92) reliability (Shinn, 1981). Finally, both reading from isolated

word lists and reading aloud from a basal reader were found to be

sensitive to changes within each grade level from fall to spring and

across grade levels (Marston, Lowry, Deno, & Mirkin, 1981).

The Minnesota measurement systems include a number lof

characteristics--absolute unit measurement on a functionally important

task, number correct in fixed time, frequent measurement, ability to

monitor rate of change over time (slope), and applicability to

individual students--that differentiate those systems from traditional

assessment. Some data have been collected describing the statistical

characteristics of curriculum-based data. Deno, Marston, Mirkin,

Lowry, Sindelar, and Jenkins (1982) administered curriculum-based

measures to 566 elementary students from three states and described

developmental trends in mean level of performance. In a study

implementing such measures over a 16-week period, Marston and Deno

(1982). reported the mean level of performance and the mean slope of

words read correctly across grade and setting.
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The purpose of the current study was to investigate further some

of the statistical parameters of curriculum-based time-series data. A

number of questions can be asked of the data:

I. What is the average increase in reading performance over time?
Does the slope representing this increase indicate significant
growth in reading performance?

The question of rate of growth is especially crucial for resource

room students, for they must show greater growth in order to "catch

up" to their peers. While significant meekly improvement in reading

may not necessarily preclude demanding still more of students, a

failure to show improvement beyond random variability would argue

persuasively that he system is not challenging enough.

2. What is the me n level of variability (standard error of estimate)
in student per ormance under a direct and frequeht measurement
system?

Student performance on any academic task can be expected to vary

on a daily basis; the record obtained through curriculum-based

measurement obviously will reflect such variability. It is imortant

to know what the average amount of variability is in order to know

what constitutes extreme variability.

3. With what frequency can students be expected to meet their goals
in a system of direct and frequent measurement?

One would hope that a'large percentage of students do in fact

meet their goals, indicating both personal success for the student,

and instructional success for the teacher.

4. What is the mean level of performance at each grade level?

Although mean level of performance is, in part, determined by the

baseline level of performance and long-range goal placement, it still
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bears upon the validity of the system. We would in fact expect the

measures to discriminate between the performance of children at

various, grade levels, even if baseline and goal levels were held

constant.

Method

Subjects

The subjects were 68 resource room students in three rural and

suburban Minnesota school districts. All subjects were participants

in research onthe effects of teachers using frequent curriculum-based

measures. Subjects ranged in grade placement from first to seventh

grade; the distribution of students by grade level is shown in Table

1.

Insert Table 1 about here

All students were receiving some resource room instruction and

had been receiving such special instruction for anywhere from a few

months to six years (X= 1.96 years). The time spent in reading

instruction in the resource room ranged from 15 minutes to 105 minutes

per day, with a mean of 46 minutes per day. The students' teachers

averaged two years teaching experience in regular education, and five

years in special education.

Procedures

The resource room teachers were trained in the use of the

measurement procedures during a series'of three half-day workshops at

the beginning of the school year. Training was based on the manual,

11
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Procedures to Develop and Monitor Progress on IEP Goals (Mirkin, Deno,

Fuchs, Wesson, Tindal, Marston, & Kuehnle, 1981). The teachers

continued to use the measures over the entire school year. Visits by

observers in December, February, and May, and frequent phone contacts,

provided feedback to the teachers on the accuracy of their

implementation of the measures.

Measurement consisted of one-minute timed samples of reading from

the student's curriculum. Based on the results of previous research,

the placement level for testing was set at a criteria of 20-29 words

per minute for grades 1 and 2, and 30-39 words per minute for grades 3

through 8. Once this level was determined, passages were chosen

randomly from the placement level textbook for measurement purposes.

Measurements were conducted three to five times each week. Both

number of words read correctly and number of errors in one minute were

recorded, and plotted on an equal interval chart. Continuous graphed

results allowed teachers to develop a visual record of student

progress, like the one represented in Figure 1.

Insert Figure 1 about here

Teachers were instructed to write IEP long-range goals using both

the entry level criteria and a desired year-end mastery criteria,

usually 70 words correct per minute with no more than 7 errors. The

formula used in writing the long-range goal is shown in Figure 2.
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Insert Figure 2 about here

Short-term objectives were based on the long-range goals (LRG).

In order to compute the short-term objective, teachers first

subtracted the baseline level of performance from the'criterion level

listed in the LRG. Dividing this difference by the number of weeks

until the annual review, they arrived at the number of words per week

gain necessary to meet the long-range goal criteria. The format used

for writing short-term objectives is given in Figure 3.

Insert Figure.3 about here

In addition, the teachers were trained at the beginning of the

year, and again at mid-year, in the use of the measurement procedures

for evaluation of the instructional program. In order to monitor

student growth, the baseline reading level and the long-range goal

were connected by an aimline that showed the students' desired

progress. Every seven data points, the teachers were to evaluate

student growth using a decision rule that required use of the quarter-

intersect method (White & Haring, 1980) to determine slope. An

example is given in Figure 1. If the student was progressing at a

rate equivalent to or greater'than that indicated by the aimline, the

instructional program was continued; if the projected rate of growth

was less than that indicated by the--almline, the teacher was to make a

substantial change in the student's program.

1
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Design
'i

Student Performance data on direct repeated measures wer4

collected and charted over a six -month period for 68 resource room

students. Based on these graphed performance data, a slope for each

individual was computed by means of a regression equation. In order

to test the probability that the slope represented a significant

change in the student's reading performance over time, and not an

artifact of individual variability, individual slopes were

standardized, and the c-statistic) was applied to each individual's

data, as recommended by Tryon (1982). Other variables generated from

the graphed data were the student's mean reading rate for the entire

year, the standard error of estimate (SEE), number of interventions,

and total number of data points. Finally, two measures were used to

determine) whether students achieved their reading goals: first,

whether any data points fell above the long-range goal, and second,

the number of data points that fell above the level specified for the

long-range goal.

Results

The average number of measurements per week ranged from near 0 to

4.7, with a mean of 2.8 data points per week. The total number of

data points over the/six-month period ranged from 20 to 131, with a

mean of 51.8. The long-range goal for those in grades 3-7 averaged 72

words per minute, while for those in grades 1 and 2 the mean LRG was

53 words per minute.

The mean slope (average number of words gained per week) for all

students was 1.55 words per minute gain per week. The average number
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of words gained per week tended to be greater the lower the grade

level (see Table 2). As noted previously, the c-statistic was applied

to all slopes: conversion of the c-statistic into a z-score
2

(Tryon,

1982) allows one to determine the .05 level of significance. The

large majority of students exhibited slopes that represented

significant gains in words read correctly. Only 22% of the students'

slopes were insignificant (see Table 3).

Insert Tables 2 and 3 about here

The mean standard error of estimate, a measure of variability,

was 10.17 words. This means that student data varied, on the average,

+5.09-words per minute around the slope. The SEE's ranged from 8.45

words (grade 2) to 11.56 words (grade 4) (see Table 4). The amount

of variability in the graphed data showed an increase from second to

third grade, then tended to level off for grades 3 through 5. Table 5

presents average and high levels of variability for first and second,

and for third through sixth grades.

Insert Tables 4 and 5 about here

The distribution of mean number of words read correctly by grade

is presented in Table 6. Although mean number of/words read correctly

for any given student is determined in large .part by the levels at

which the baseline and long-range goal are set for that student, the

mean performance did tend to increase with grade level.
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Insert Table 6 about here

As can be seen in Table 7, students had little difficulty meeting

their long-range goals. Over 85% did so at least once. In fact, the

mean number of data points falling at or above the long-range goal

level was 8.2. Thus, many students equaled or exceeded their goal a

number of times over the course of the six-month period.

Insert Table 7 about here

Although teachers were trained in evaluating the data, and were

encouraged to make changes in the students' educational program if the

ta warranted, few interventions were implemented by teachers (see

Table 8). The'mean number of program changes implemented per student

was .65 for the entire school year.

Insert Table 8 about here

Student Time Series Data

Examples of 'individual student time serie are presented in

Figures 4-7; these were chosen from actual stthignt data to provide

clear illustrations of statistical properties: Regression slope,

standard error of estimate, mean for the year!, and total number of

data points are reported for each graph and may be compared with the

sample means in Tables 2, 4, 5 and 6. Corinected points represent
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words read correctly from text in one minute, X's represent words read

incorrectly in the same time interval. The first three to six data

points before the vertical line represent baseline sampling to

determine level of placement for measurement; due to the initial

---'§"ampling procedure described above, some of the baseline measurements

may be' higher or lower than post-baseline measurement. The diagonal

drawn from the baseline to the long-range goal represents the aimline

set by the teacher at the beginning of the year. This aimline may or

may not reflect the actual rate of student progress as expressed in

the slope.

Insert Figures 4-7 about here

Note that individual variations in rate of acquisition,

variability, and mean level of performance preclude description of

student time series data by any single statistical property. Both

Figure 4 and Figure 5 show relatively steep slopes, yet differ greatly

in the variability around those slopes. The standard errors of

estimate for Figure 5 and 6 are more similar, but Figure 6 shows a

much flatter slope. Finally, although the mean levels of responding

are very similar for the data presented in Figures 4 and 7, the rate

of acquisition differs greatly.

Discussion

The curriculum-based measurement system described herein provides

teachers with a method of making curriculum decisions based on

analysis of time series data (Deno & Mirkin, 1977). Since both
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training in statistical analysis and access to statistical progras

may be limited for teachers, it is likely that decisions about the

data will be based primarily on visual analysis. Given the concerns

expressed regarding the limitations of visual analysis of time series

data, it is important that the statistical properties that determine

the accuracy of visual inference be thoroughly explored. The present

study has invesigated statistical characteristics such as trend,

.variability, level of performance, and number\of data points in time-

/

series data obtained from resource rodm students.

Perhaps the most important property of time series data that

directly inf!uences visual analysis is the trend of the data. The

slopes presented for grades 2-5 are very similar to those 'obtained by

Marston and Deno (1982) for resource room students and, like that

sample, tend to be flatter than the slopes obtained for students in

either regular education or Title -I programs in the Marston and Deno

sample. Caution must be used in comparing across different samples.

Nevertheless, given that the purpose of special education is to

accelerate educational progress so that students in such settings may

return to the mainstream, these results could be viewed as rather

discouraging.

Few interventions, however, were made in students' educational

programs to accelerate the slopes. The slopes obtained from this

sample may thus represent a baseline level of performance that could

be accelerated given greater attention to planned interventions. It

is interesting to note that most behavioral literature views the ideal

stable baseline as one with minimum acceleration or deceleration
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(Hersen & Barlow, 1976). In tasks such as reading, however, in which

we expect continuous acquisition (at least until high school), lack of

acceleration may be neither necessary nor desirable. Many students

may, 'in fact, be referred for special placement because they fail to

exhibit the continuous acquisition characteristic of most elementary

students. The slopes obtained for this sample may thus represent a

baseline level of rate of acquisition that is likely to be lower than

the rate of acquisition for students in regular education. In such a

case, the purpose of interventions is not to increase,,or decrease the

mean level of responding in relation to a stable baseli he, but rather

to increase the rate of acquisition (slope) in relation to the current

rate.

Decisions about when to implement such interventions may be

highly influenced by the degree of variability of the data (Hersen &

Barlow, 1976). The standard error of estimate data presented here

thus may be critically important' in interpreting the data. The

current results, if validated by continued study, may provide "norms"

of moderate and high variability that could be used to guide teachers

in decision making. A high degree of variability in student scores

might provide a caution in rting decisions based on those data, and

might indicate the need to br ng the variability under control before

planning educational intervent ons. On the other hand, a well planned

intervention might in itself reduce the rate of variability.

Teachers in the current sample seemed aware that external or

historical events could affect the varf*lity of student performance.

A number of teachers noted that increased variability often seemed to

15
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coincide with reports of increased instability in the student's home

situation. The teacher's comments concerning the time series data

presented in Figura 7 represent that teacher's hypotheses concerning

the causes of variability. The fact that time series data encourage

formulation of hypotheses that may then be tested represents another

advantage of the timeseries design over conventional pre-)ost

measurement.

As mean level of performance was controlled, to a certain extent,

by level of curriculum placement (i.e., all students initially were

placed in material in which they read 20-39 words correctly per

minute) one woJld expect to detect few developmental trends in the

data. Nonetheless, though not statistically significant, certain

trends do appear. Mean level of performance tends to increase by

grade level, while 'rate of acquisition as represented by the slope

tends to decrease from grade 2 through grade 5. These results tend to

support the findings of Deno et al. (1982) that growth on academic

time series measures can be represented by a curve that is negatively

accelerated; that is, rate of acquisition is greatest across grades 1,

2, and 3 and tends to accelerate at a slower rate for students in

grades 4, 5 and 6.

The ideal rate of academic growth has yet to be determined in

special education. Lindsley (1982) argues that it _is better to set

higher goals and demand steeper learning sl pes and that,' by setting

goals too low, we are in danger of training the child to meet our

lower expectations. On the other hand, goals set unrealistically high

may to unattainable for the student in a resource room setting and may

only add to that student's experience of frustration in education.
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The majority of students in the present analysis reached their

goals at least once, and the number of data points at or above the

long-range goal level (7 =8.2) indicates that the goal was, for the

most part, solidly attained. The goals set by curriculum-based

measurement thus seem to be eminently reachable to the majority of

resource room students. In addition, the significance of the c-scores

for thE! majority of slopes indicates that the obtained slopes

represent real trends for these students, and not merely random

variation.

The current study has begun to delimit some of the statistical

characteristics of curriculum-based time series data. Given the

relatively low rate of acquisition represented by the slopes for this

sample, one would hope that such characteristics are modifiable.

Further research is' needed to determine whether it is possible to.

accelerate rate of acquisition either by manipulation of goals and

aimlines, or by increasing the rate of teachers' interventions.

The findings of this study join previous literature (Gottman &

Glass, 1978; Hartmann et al., 1980) in arguing for both visual and

statistical analysis of time-series data. It is especially apparent

from an examination of individual data that no single statistical

property of time-series data can be used to rank order individuals,

since individual students may vary on a number of such dimensions

simultaneously. Such a finding has implications beyond time-series

analysis, since standardized testing generally rank orders students on

the basis of a mean score at one point in time. Analysis of time-

series data suggests that two students with the same mean may have

21
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arrived at that mean through very different rates of acquisition.

Thus, curriculum-based time-series measurement may provide a more

accurate and complete record of student educational progress.
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Footnotes

The authors gratefully acknowledge the contributions of Dr.

Gerald Tindal in directing our attention to the c-statistic as a

method of time-series analysis;

1The actual calculations involved in the c-statistic, as cited by

Tryon (1982), are:

C=1 -

N-1

(Xii-1 i A
v

i-11

N

ZE (X. - 7) 2

i=1 1

where the numerator of the right hand term is the sum of the (N-1)

squared consecutive differences associated with the time series. The

denominator is twice the sum of the (N) squared deviations of the

time-series data points from their norm.

2The standard error of the c-statistic is

Sc =
N+2

(N-1)(N+1)

The c-statistic may be converted to a z-statistic and tested for

significance throtgh the following ratio:

Z =
C

Sc



Table 1

Distribution of Students by Grade Level

Grade Number of Students Percentage

1 2 2.9

2 18 26.5

3 15 22.1

4 /16 23.5

5 12 17.6

6 3 4.4

7 2 2

(

26

21
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Table 2

Mean Slope or Average Number of Words Gained Per Weeka

Grade Mean Standard Deviation

2 1.78 1.21

3 1.62 .71

4 1.42 .92

5 1.36 .66

a
Means and standard deviations are not reported for grades 1, 6, 7,
and 8 due to low N's.
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Table 3

Students with Significant Increasing Slopes

Frequency Percentage

Students with insignificant slopes 15 22%

Students with significant slopes 53 78%



24

Table 4

Mean Standard Error of Estimate at Each Grade Level

Grade Mean
Standard
Deviation

2 8.45 2.27

3 10.06 4.29

4 11.56 5.39

5 10.35 4.43
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Table 5

Standard Error of Estimate

Normal and High Variability

Percentile

Mean Median 75th 90th

Grades 1 and 2 8.36 8.24 9.91 10.63

Grades 3 through 6 10.65 9.36 13.97 16.51
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Table 6

Mean Number of Words Read Correctly

Grade Mean

Standard
Deviation

2 42.24 10.59

3 51.23 E.71

4 54.13 8.97

5 54.27 10.88
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Table 7

Number of Students Reaching Long-Range Goal at Least Once

Frequency Percentage

Students not reaching long-range
goal

10 14.7%

Students reaching long-range goal 58 85.3%
at least once
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Table 8

Number of Interventions Implemented in

Student Instruction Programs

Number of Changes Frequency

0 45

1 12

2 4

3 A

4 3

p

3
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LRG:

Condition BehaviOr Criteria

In weeks, when
(total II weeks)

presented with stories from
Level

TYT-- (reading series),

student will
read aloud

at the rate of 50
wpm or better
5 or fewer errors,

Figure 2. Format for Long-Range Goal: Reading



STO

Condition Behavior Criteria

31

Each successive week, when
presented with a random
selection from Level '

"(T)
of

(reading series),

student will
read aloud

at an average .
increase of

(repeated-actual
performance/total #
weeks) words correct/
minute and no increase
in errors.

Figure 3. Format for Short-Term Objective: Reading
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Slope 1,19 words per minute (wpm) per week

SEE : 16,51 wpm

Mean level of performance = 70,88
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